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IGBT WITH PN INSULATION AND PRODUCT ION MFTHOD 
Cross -Referen ce to Related Application : 

This application is a continuation of copending International 
Application No. PCT/DEOO/00281, filed February l, 2000, which 
designated the United States. 

Background of the Invention : 
Field of the Invention : 
The present invention relates to an IGBT (insulated gate 
bipolar transistor) with PN insulation, having a low-doped 
drift zone of the one conductivity type, which is provided in 
a low-doped semiconductor substrate of the one conductivity 
type. 

PN insulation and dielectric isolation are known for 
dielectrically isolating adjacent semiconductor components in 
a monolithically integrated circuit. In the case of PN 
insulation, adjacent components are electrically isolated from 
one another by means of a PN junction. Thus, for example U.S. 
Patent No. 5,708,290 discloses how an N type channel MOS field 
effect transistor, which is embedded in an N type conductive 
well, is electrically isolated from a P type channel MOS field 
effect transistor by means of a P + type conductive region. 
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Other examples of such PN insulation are known from U.S. 
Patent No. 4,881,112 and European publication EP 0 282 734 Al . 


PN insulation has significant advantages over dielectric 
5 isolation because it is significantly easier to implement: the 
necessary PN functions can be provided readily by diffusion or 
implantation together with the doping steps which are 
necessary in any case to manufacture the individual 
T« components, while dielectric isolation requires trenches to be 
CLP provided and filled with silicon dioxide and/or silicon 
f ft nitride, that is to say requires further measures in addition 
C? to the doping steps which are to be performed in any case and 
Jf which can be utilized for PN insulation. In the case of IGBTs, 
~= which are used as "high-side" and "low-side" switches, it has, 
t| however, not been possible to date to use PN insulation (cf. 

"A Dielectric Isolated High-Voltage IC-Technology For Off -Line 
Applications" by Stoisiek, Oppermann, Schwalke, and Takacs in 
Proceedings of 1995 International Symposium on Power 
Semiconductor Devices and ICs, Yokohama, pages 325-33, and in 
20 particular page 325, left-hand column, second paragraph), so 

that at present only the costly dielectric isolation method is 
used. This is due ultimately to the fact that when customary 
PN insulation is used the high concentration of minority 
charge carriers, in particular defect electrons, which is 
25 necessary for the functioning of the IGBT would lead to 
unacceptably high substrate currents in the drift zone. 
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Summary of the Invention : 

It is accordingly an object of the invention to provide a IGBT 
with PN insulation, which overcomes the above-mentioned 

5 disadvantages of the heretofore -known devices and methods of 
this general type and wherein, despite the use of PN 
insulation, it is possible to avoid the occurrence of 
unacceptably high substrate currents. It is a further object 
to provide for a corresponding method for manufacturing such 

3 an IGBT. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, an IGBT with PN 
insulation, comprising: 

a low-doped semiconductor substrate of a first conductivity 
type; 

a low-doped drift zone of the first conductivity type formed 
in the low-doped semiconductor substrate; 

a first highly doped well zone of the first conductivity type 
and a second highly doped well zone of a second conductivity 
type, opposite to the first conductivity type, successively 
disposed between the drift zone and the semiconductor 
substrate . 
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The above object is achieved according to the invention in an 
IGBT of the generic type in that a first highly doped well 
zone of the one conductivity type and a second highly doped 
well zone of the other conductivity type, opposite to the one 
conductivity type, are successively provided between the drift 
zone and the semiconductor substrate. 

In accordance with an added feature of the invention, an IGBT 
cell with a cathode, and an anode surrounding the IGBT cell at 
a distance at an edge of the drift zone, are formed in the 
drift zone. As is known in these devices, an IGBT cell with a 
cathode and with an anode which surrounds the IGBT cell at a 
distance at the edge of the drift zone are provided in the 
drift zone here. 

In accordance with an additional feature of the invention, a 
short circuit strap connects two well zones on a their 
surface . 

In accordance with a further feature of the invention, a 
short-circuit strap is provided for connecting two well zones 
and the semiconductor substrate to one another on their 
surfaces . 

That is, the two well zones are connected to one another on 
their surface by means of a short circuit strap. If necessary, 


the low-doped semiconductor substrate can also be connected to 
this short-circuit strap. This is the case, for example, if 
the one conductivity type is the N conductivity type, and the 
IGBT is used as a "high-side" switch. 

With the above and other objects in view there is provided a 
method of manufacturing a well zone for the above -outlined 
IGBT which comprises: manufacturing horizontal regions of the 
well zones by one of implantation and diffusion, and 
manufacturing vertical regions of the well zones by performing 
at least two epitaxial steps with a subsequent process 
selected from the group consisting of implantation and 
diffusion , 

Alternatively, the method comprises manufacturing horizontal 
regions of the well zones by one of implantation and 
diffusion, and manufacturing vertical regions of the well 
zones by etching trenches and subsequently filling the 
trenches with doped polycrystalline silicon and diffusing out. 

Owing to its PN insulation, the IGBT according to the 
invention is relatively easy to manufacture: the horizontal 
regions of the two well zones can be provided by implantation 
and/or diffusion, while the vertical regions of these well 
zones can be generated, for example, by means of at least two 
epitaxial steps and subsequent implantation and/or diffusion. 
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A further possibility is to perform trench etching and 
subsequently fill the trenches generated in this way with N + 
type or P" type doped polycrystalline silicon and to allow the 
dopant to diffuse out into the adjacent monocrystalline 
silicon semiconductor regions. 

In the IGBT according to the invention, a combination and 
corresponding wiring of PN junctions is proposed for the 
isolation of the component, permitting the substrate current 
to be basically avoided, but the minority charge carrier 
density in the drift zone is virtually unaffected by this. For 
this purpose, in the IGBT according to the invention the 
cathode or the IGBT cell is located in the center of, for 
example, an 1ST type conductive drift zone if the one 
conductivity type is the N conductivity type. This N" type 
conductive drift zone is successively surrounded by an N + type 
conductive first well zone and a P + type conductive second well 
zone . 

The drift field occurring at the junction between the N + type 
conductive first well zone and the N~ type conductive drift 
zone has the affect that only a small part of the defect 
electrons are capable of overcoming this barrier and 
penetrating into the P + type conductive well zone. Trials have 
shown that this proportion is less than 1%. 
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However, in the P + type conductive well zone the defect 
electrons are majority charge carriers. Because the PN 
junction between the two well zones is short-circuited by the 
short-circuit strap, the current flows away to the cathode. No 
minority charge carriers can thus pass into the N"-type 
conductive semiconductor substrate which is at the most 
positive potential of the potentials present in the circuit. 

It is thus possible to integrate monolithically such an IGBT 
as a "high-side" switch and as a "low-side" switch, for 
example for bridge applications, without having to use costly 
dielectric isolation. 

It is to be noted that in the above example the conductivity 
types can of course also be reversed. Likewise, it is also 
possible to install other components, for example CMOS 
transistors or bipolar transistors, in the respective wells 
which are formed by the two well zones . 

Estimates show that wafers with the IGBT according to the 
invention permit a reduction in costs of up to about 50% in 
comparison with wafers wherein conventional IGBTs with 
dielectric isolation are provided. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 
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Although the invention is illustrated and described herein as 
embodied in an IGBT with PN insulation, it is nevertheless not 
intended to be limited to the details shown, since various 
5 modifications and structural changes may be made therein 

without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 

J The construction and method of operation of the invention, 

i3° however, together with additional objects and advantages 

fll thereof will be best understood from the following description 

of specific embodiments when read in connection with the 

accompanying drawings . 

O 

2? Brief Descrip t ion of the Drawings : 

Fig. 1 is a sectional view taken through an exemplary 
embodiment of the IGBT according to the invention; and 

Figs. 2 and 3 are respective sectional views explaining two 
2 0 different methods for manufacturing the well zones in the IGBT 
in Fig. 1. 


Descript io n o f th e Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is shown an IGBT 
according to an exemplary embodiment of the present invention. 
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An 1ST type conductive drift zone 2, wherein an IGBT cell 3 with 
an P type conductive zone 4 and N + type conductive zones 5 are 
arranged is provided in an N" type conductive semiconductor 
element 1. The latter is made of silicon, for example. Contact 
5 is made with the zones 4, 5 by means of a cathode electrode K, 
while gate electrodes G are arranged over the channel regions 
of the P type conductive zone 4, between the zones 5 and the 
drift zone 2. In addition, a P type conductive ring zone 6 
with an anode electrode A is provided at the edge of the drift 
10 zone 2. 


The drift zone 2 has an active layer with a thickness of d epi 
underneath the P type conductive zone 4 , as indicated by a 
double arrow 7 . 

15 

According to the invention, an N + type conductive first well 
zone 8 and a P + type conductive second well zone 9 are located 
between the drift zone 2 and the semiconductor substrate 1. 
The two well zones 8, 9 are connected to one another by means 
20 of a short-circuit strap 10. This short-circuit strap can also 
extend to the semiconductor substrate 1 in a "high- side" 
switch, as is indicated by a broken line 11. 


The electrical field E drift that occurs at the junction between 
25 the N + -type conductive first well zone 8 and the N"type 

conductive drift zone 2 has the effect that only a small part 
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of the defect electrons which leave the P-type conductive zone 
6 are capable of overcoming this junction and of passing into 
the P + -type conductive second well zone 9, so that as a result 
of this measure alone a substrate current l s is already very 
small. The defect electrons in the P + -type conductive second 
well zone 9 are majority charge carriers. Because the PN 
junction between the two well zones 8, 9 is short-circuited by 
the short-circuit straps 10, the current flows away to the 
cathode (cf. the arrow 12), so that no minority charge 
carriers pass into the iST-type doped semiconductor substrate 1 
which has the most positive potential value of the entire 
circuit arrangement. 

It is thus easily possible, i.e. by means of PN insulation, to 
integrate monolithically the IGBT as a "high-side" switch and 
as a "low- side" switch without having to use the costly 
dielectric isolation. 

A thickness d epi of the active layer of the drift zone 2 of 
approximately 35 urn is sufficient for a turn-off voltage of, 
say, 600 V. The well zones 8, 9 can be doped more highly, by 
one order of magnitude, for example, than the drift zone 2. 
However, still higher doping of the well zones 8, 9 with 
respect to the drift zone 2 is also possible. The drift zone 2 
itself is doped in the customary way. 
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With reference to Figs 2 and 3, it is quite evident that the 
IGBT according to the invention can be easily manufactured. 
Here, the same reference symbols as in Fig. 1 are used in 
Figs. 2 and 3 for corresponding parts. 

In Fig. 2, the "bottom regions" of the well zones 8, 9 are 
provided in an N~-type conductive semiconductor substrate 1 
which initially ends at a surface indicated by a broken line 
13, by diffusion or implantation. Two epitaxial layers 14, 15 

are then applied, the respective vertical region of the well 
zones 8, 9 being built up by implantation and/or diffusion 

after application of each individual epitaxial layer 14 or 15, 

respectively, and before the application of the next epitaxial 

layer . 

Fig. 3 shows another method for manufacturing the well zones 
8, 9 with the IGBT according to the invention. The bottom 
regions of these well zones 8, 9 are generated here initially 
in the same way as in the exemplary embodiment in fig. 2. 
However, trenches 17, 18, which are filled with P + -type 
conductive polycrystalline silicon 19 or N + -type conductive 
polycrystalline silicon 2 0 are then provided in an epitaxial 
layer 16. Diffusing out of this polycrystalline silicon 19, 20 
is then carried out so that the PN junctions 21 come to lie in 
the monocrystalline region. 


